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In resent years, quasi one-dimensional (1-D) materials, including nanowires 
(nanorods), nanotubes, nanobelts, heterojunction and superlattice nanowires, 
have attracted great attentions in the scientists of condense matter physics 
and chemistry, and become an important research subject in the nanomaterial 
science. Especially, metallic atomic chains and metallic nanowires with special 
nano-scales are ideal systems for investigating the dependence of electronic, 
transport, optical, magnetic and mechanical properties on size and 
dimensionality. In addition, they are expected to play an important role as 
interconnects and functional components of new electronic and optoelectronic 
devices. Now the research of the metallic nanowires has already become one of 
the central subjects in the nanomaterial science.  
The physical properties of the nanomaterials are the foundation for their 
applications. So the study on the structure stability and electronic properties 
of the nanowires will provide valuable theoretical guidance for the preparing 
and controlled synthesis of 1-D nanomaterials. Recently, the stable gold atomic 
chains suspended between two gold electrodes were realized in laboratories by 
two research groups. These experiments have been considered as one of the 
milestones in the low dimensional physics and nanoscience. Subsequently, atomic 
chains formed by various metals have been intensively studied both in theory 
and experiment. Ti and Ni are the pre-transition and latter-transition metals. 
The electron configurations of Ti and Ni are  and , respectively. 
They are complements of each other. In this dissertation, by using the 
first-principles calculations based on the density functional theory, we have 
systematically studied the structural stability, electronic and magnetic 
properties of Ti, Ni and alloy TiNi chains. We also studied some typical 
structures of titanium nanowires whose cross sections are planar polygons, and 
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pentagonal nanowires of different types of elements, such as alkali, simple, 
transition, and noble metals.  
 This dissertation consists of two parts. The first part presents the 
calculation methods and its theoretical basis. We firstly introduce the density 
functional theory (DFT), including Hobenberg-Kohn theorem, Kohn-Sham equations 
and the approximations for exchange and correlations (the local density 
approximation and the generalized gradient approximation). We then describe the 
details of computational methods used in our work, i.e. the ab initio 
pseudopotential methods with the plane wave basis expansion of the wavefunctions. 
We also present the major characters of the Vienna ab initio Simulation Packages 
(VASP).  
The second part which divided into five chapters presents the main results 
of the present dissertation. In the third chapter, ab initio pseudopotential 
method has been employed to investigate the structural stabilities and 
electronic properties of the Ti and Ni atomic chains. The calculated results 
reveal that Ti can form one-dimensional chains in linear, zigzag, dimer and 
ladder structures. Whereas, Ni can only form one-dimensional chains in linear, 
zigzag and ladder structures, it can’t form stable chain in dimer geometry. 
A structural phase transition occurred during the elongation of the Ti zigzag 
chains when the bond angle of zigzag structure shift abruptly from a sharp angle 
to an obtuse one at a critical points. This is a new phenomenon that has not 
been discussed elsewhere. For Ni chains, Ni can form two stable zigzag chains. 
In contrast to uniform metallic charge density of bulk, the bonding in the 1-D 
structures of Ti acquires directionality, the charges are accumulated between 
atoms forming a directional bond in the Ti chains. However, there are no obvious 
directional bonds in the Ni chains. The valence electrons are delocalized as 
similar to the charge density of Ni bulk. Among the 1-D chains studied, a zigzag 















the most stable structure, whereas, the linear chain is most unfavorable. In 
the fourth chapter, the stability and electronic structures of alloy TiNi chains 
with the linear and zigzag structures have been studied. In comparison with the 
chains formed by pure titanium and nickel, alloyed TiNi chains are more stable 
than the corresponding pure Ti and Ni chains. The enhanced stability of the alloy 
chains relative to pure monatomic chains can be correlated with the decreasing 
DOS at the Fermi level and the more covalently bonding in the TiNi chains. The 
stability effect is more significant in the linear structures against the zigzag 
ones. In the fifth chapter, the magnetic properties of Ti and Ni atomic chains 
have been investigated by using the first-principle calculation based on the 
spin-polarized density functional theory. The results reveal that the magnetic 
properties are strongly depended on the geometric structures of the chains. Ti 
chains in linear, dimer and ladder structures show magnetism, however, Ti zigzag 
structure shows a non-magnetism ground state. But the zigzag chain is again the 
most stable structure with the lowest total energy within the structures studied. 
Ni chains in linear and zigzag geometries are ferromagnetic which are similar 
to the Ni bulk, and the magnetic moment per atom increases from 3-D bulk to 2-D 
planar zigzag chain to 1-D linear chain. The antiferromagnetic ordering is 
stable only when the chains are not under tension. In the sixth chapter, we have 
carried out first-principles electronic structures and total energy 
calculations for a series of ultrathin titanium nanowires whose cross sections 
are planar polygon. We find that for the nanoscale regime, the cohesive energies 
of Ti nanowires are roughly linear with the reciprocal of the diameter of the 
nanowire. Electronic properties start to show bulk behavior in the thicker 
nanowires up to 1 nm in diameter. The conductance of the ultra-thin nanowires 
increases with the increasing wire diameters, and is also depended on the wire 
structures. In the seventh chapter, we have performed an extensive 
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plane wave method. Our results show that nanowires of different types of elements, 
such as alkali, simple, transition and noble metals, can all form a stable 
structure made from staggered pentagons with a linear chain perpendicular to 
the planes of the pentagons and passing through their centers, except for the 
Ge wires where the eclipsed pentagonal structure is favored. These pentagonal 
structures are energetically more stable than their one-dimensional chains. All 
nanowires studied are metallic in the pentagonal structure. The different 
pentagonal nanowires show very different bonding characters, with some 
nanowires showing quite different bonding pictures with their bulk materials. 
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